Introduction
Oilseed B. napus includes both annual and biennial types, the latter of which requires vernalization to fl ower and are grown as an over-wintering crop in cooler climates. Biennial forms generally have a higher frequency of winter survival and winter survival was correlated with acclimated freezing tolerance in a study including annual and biennial cultivars (15) . Winter survival is an important characteristic for over wintering of oilseed Brassica, and depends on the expression of many interacting traits (8) . One of these traits is freezing tolerance, and this can be increased in some genotypes by acclimating plants to cold temperatures (7, 13) . Acclimated and non-acclimated freezing tolerances were found to have separate genetic control and different putative quantitative trait loci (QTLs) were identifi ed for these two traits in oilseed B. rapa (16) . Kole et al. (8) analyzed immortalized populations of oilseed Brassica rapa (recombinant inbred lines, RILs) and B. napus (double haploid lines, DH lines) derived from crosses of annual and biennial types. The B. napus population was evaluated in multiple winters, and six of the total 16 signifi cant QTLs for winter survival were detected in more than one winter. Segregating populations of this species derived from crosses of annual and biennial types were analyzed for fl owering time (4, 12, 16) and freezing tolerance (16) in order to map and compare QTLs controlling these cold related traits. In B. rapa, loci controlling non-acclimated and acclimated freezing tolerance were mapped on different regions of the genome that were also different from those of fl owering time genes (8) . In B. napus, none of the genome regions covered by markers were signifi cantly associated with freezing tolerance (16) .
In recent years, various molecular markers were developed and applied for mapping QTLs and for marker assisted selection (MAS) and several QTLs corresponding for cold tolerance related traits in several stages of plants have been identifi ed (1, 2, 5, 8, 16, 17) . These studies support the idea that cold tolerance is a complex trait involving multiple genes. For this purpose our study was performed to identify the position and effect of QTL controlling winter survival in B. napus.
Materials and Methods

Trait measurement
Two hundred F 3 families derived from F 2 plants, obtained by crosses between cv. SLMO46 (winter type and cold resistant) and cv. Quantum (spring type and susceptible to low temperature) were sown in randomized complete block design with two replication in September 11, 2006 
DNA extraction and genotyping
The DNA of parental lines and F 2 plants was extracted using the CTAB procedure according to Saghai-Maroof et al. (11) . The quality and quantity of DNA samples were assessed using Biophotometer (Eppendorf, Germany) and 0.8 % agarose gel electrophoresis. All of the DNA samples were diluted to 25 ng/μl and were used in PCR reactions. A total of 250 The amplifi cation profi le consisted of a 3-min initial denaturation step at 94 o C followed by 40 cycles of denaturing at 94 o C for 1 min, annealing at 37 o C for 1min, extension step at 72 o C for 2 min and a fi nal extension step at 72 o C for 7 min. PCR products were detected using 2 % agarose gels and ethidium bromide staining method.
IDENTIFICATION OF QTLS CONTROLLING WINTER SURVIVAL IN BRASSICA NAPUS USING RAPD MARKERS
QTL analysis
Trait and marker genotype data were analyzed using Map Manager/QTL v. 2 (10), and QTL Cartographer v. 2.5 (3). The linkage map of polymorphic primers after the testing of segregation distortion in each primer locus was constructed using map manager/QTL, considering of a LOD score 3.0 and a maximum distance of 50 cM between adjacent markers. The Kosambi mapping function was used for calculating of genetic distances in cM (9) . QTL analysis was performed using composite interval mapping method of QTL Cartographer software. Putative QTL were chosen based on LOD score of 3.0 or above.
Results and Discussion
Signifi cant differences (P=1%) were observed in winter survival between parents and F 3 population. The winter survival of the susceptible parent, Quantum, and the resistant parent, SLMO46, was 50 and 80 %, respectively and in F 3 population ranged from 2 to 97 % with an average of 49.7 %. Thirty fi ve percents of F 3 plants had lower winter survival than the susceptible parent, Quantum, while ten percents of F 3 population had greater winter survival than the resistant parent, SLMO46 (Fig. 1) . Fig 
Distribution of parental lines Quantum (Q), SLMO46 (S) and F 3 families in winter survival
The polymorphism between parent cultivars was evaluated for 250 RAPD primers. Only 75 of them showed proper banding patterns with average bands of 6.21 for each primer and total 466 bands for all of the primers. From them, 27 primers were polymorphic between parents, producing 47 polymorphic bands (the names and sequences of these primers are shown in Table  1 ). These markers were used to screen 200 F 2 individuals. The number of polymorphic bands, determined by these primers ranged between 1 and 5. The linkage map of these markers was constructed considering of maximum 50 cM distance between two adjacent markers and the minimum LOD score, three. To ensure Mendelian segregation at individual marker locus, segregation distortion was tested in each locus. The 42 markers were assigned into 9 linkage groups with total length 860.8 cM and an average distance of 20.49 cM between the adjacent markers (Fig. 3) . The other fi ve markers were not assigned at Sequence  405  5′-CTC TCG TGC G-3′  597  5′-TGG TTC CCG A-3′  417  5′-GAC AGG CCA A-3′  608  5′-GAG CCC GAA A-3′  430  5′-AGT CGG CAC C-3′  631  5′-GGC TTA ACC G-3′  455  5′-AGC AAG CCG G-3′  650  5′-AGT ATG CAG C-3′  463  5′-AGG CGG AAG C-3′  654  5′-CCC TGG TCT G-3′  474  5′-AGG CGG GAA C-3′  661  5′-CCT GCT TAC G-3′  505 5′-CCC TTT ACA C-3′ 667 5′-CGC AGA AAT C-3′ 516 5′-AGC GCC GAC G-3′ 670 5′-CCC TTG AGA C-3′ 528 5′-GGA TCT ATG C-3′ 671 5′-CAT TAA GGC G-3′ 543 5′-CGC TTC GGG T-3′ 681 5′-CCC CCG GAC T-3′ 547 5′-TAT GAC CTG G-3′ 682 5′-CTG CGA CGG T-3′ 593 5′-CGA GCT TTG A-3′ 693 5′-GAC GAG ACG G-3′ 596 5′-CCC CTC GAA T-3′
any linkage groups. The relationship between the studied traits and genotypic data were analyzed using composite interval mapping method. Using composite interval mapping method, only one QTL for winter survival was detected (LOD= 3). It is positioned on linkage group 6 between 670 and 650b RAPD markers and had only 4 cM distance from 650b marker (Fig. 3) . The pick position of this QTL was shown in Fig. 2 . This QTL explained 5 % of the phenotypic variances of winter survival and had positive additive effect (-7.61), indicating that the allele causes increasing of winter survival in F 3 plants comes from susceptible parent Quantum.
In this study, only one QTL for winter survival was identifi ed that explained fi ve percents of phenotypic variances and had minor effect on this trait. In other studies, QTLs with the major and minor effects for winter survival, freezing tolerance and related traits have been detected. Kole et al. (8) in a Brassica rapa population of inbred lines, identifi ed fi ve QTLs for winter survival with effects of 7.6 to 14.8 on this trait. In B. napus population of DH lines they identifi ed 16 signifi cant QTLs for winter survival in multiple winters and related traits that the explained variance by each QTLs ranged between 5.3 and 39.3 %. In an acclimated F 2 population of B. rapa, four QTLs for freezing tolerance were detected and their effects ranged from 3.0 to 20.5 % (16). In wheat, one QTL on chromosome 5B was determined that explained 31.5 % of the freezing tolerance phenotypic variances (17) . In the F 2:4 population of maize, forty QTLs were identifi ed under cold stress conditions that associated with the shoot, root and seed traits. The QTLs effects ranged from 0.4 to 30.1 % (6). Kole et al. (8) and Teutonico et al. (16) suggested that winter survival and freezing tolerance are controlled by many genes and both parents had positive and negative effects on these traits. They reported transgressive segregation for mentioned traits and this revealed the polygenic control of this trait in rapeseed. The negative additive effect of identifi ed QTL in this study showed that the allele of this QTL increasing winter survival is transmitted to F 2 and F 3 population from susceptible parent 'Quantum'. In this study we can not estimate the dominant effect of identifi ed QTL, because RAPD markers were dominant type, but other studies reported that the negative and positive additive effects were quite small and dominance effects were more signifi cant in freezing tolerance of rapeseed (8, 16) .
Therefore, additional QTLs which we did not detect in this program are probably involved. If the identifi ed QTLs confi rmed in the next generations after several meiotic cycles, they could be used more effi ciently in MAS for freezing tolerance.
